Alveolar-arterial oxygen tension difference (p(A-a)02 or (A-a)D02) is easy to estimate.
Although it is affected by a number of extrapulmonary factors,l it is often used as a measure of pulmonary function. For example: " ... (A-a)D02 is an indicator of the efficiency of oxygen exchange in the lungs. "2 If however these extrapulmonary factors are disregarded, the interpretation is subject to major errors. In this paper the factors which affect p(A-a)02 are analysed and possible pitfalls in its clinical use are illustrated.
The calculated pulmonary shunt depends on actual venous admixture occurring through the pulmonary and cardiac circulations and upon the amount of blood which is not fully "arterialised" in the lungs because of ventilation-perfusion mismatch. The latter component is negligible when oxygen is breathed. The "anatomical shunt" (Thebesian and bronchial venous blood) is also negligible for our purposes. "Shunt" therefore is the best measure of oxygen transfer function in the lung for Intensive Care and anaesthetic applications *\;1.1)., F.r.A.R.A.C.S., A.~..,ociate Profc",:-,or, Director of :\nae~the~ia and Intcn"jvc Carc. Qs/Qt = (Cc '02 -Ca02) I (Cc '02 -CV02) (1)
It can be rearranged into the following form, as shown in the appendix:
This form is particularly suitable for analysing the factors which influence each term. The relation between oxygen content (C a 0 2 ) and partial pressure (Pa02) is an indirect one. Some oxygen in the blood is present in simple solution but most is in association with haemoglobin. While the oxygen in solution is a linear function of the partial pressure, the haemoglobin-bound oxygen is governed by the haemoglobin content and by the haemoglobin dissociation curve, which in turn is influenced by numerous factors including temperature, pH, base deficit and organic phosphate concentration. The conversion between 02 content and the associated partial pressure is facilitated by computer programs or tables derived from such programs. 4 It is therefore possible to examine the factors which affect each term on the right hand side of equation (2) and by assigning them different values to plot their effect on the P a 0 2 .
Throughout this discussion it is assumed that end-capillary oxygen tension (Pc '02) is equal to the alveolar oxygen tension (PA02) and the following form of the alveolar air equationS is used:
R is assumed to be 0.8, pH 7.4, PaC02 40 and temperature 37 QC. (2) it can be seen that the arterial oxygen content and the corresponding partial pressure depend on the pulmonary capillary content, diminished by a second factor which contains two terms corresponding to the arterial-venous oxygen content difference and a term which is the ratio of shunted blood to the non-shunted (or aerated) fraction of the cardiac output.
ANALYSIS From equation
The pulmonary capillary content is determined by the alveolar oxygen tension, the haemoglobin concentration and the haemoglobin dissociation curve. The arterialvenous content difference is determined by the oxygen uptake in the periphery and cardiac output. Only the final term is a reflection of intrinsic pulmonary factors, although the situation can be complicated further if right to left shunts are considered. This need not concern us for our present purpose, and we can now consider the effects of various factors upon arterial oxygen content and its associated parameter, the arterial oxygen tension.
FACTORS AFFECTING ALVEOLAR-ARTERIAL
OXYGEN TENSION DIFFERENCE Armed with information from the above discussion, the effect of the following variables can be discussed.
Inspired oxygen fraction (F I 0 2 )
Obviously, this variable will virtually determine the alveolar oxygen partial pressure. Other factors, such as ventilation and respiratory quotient, are quite minor in comparison. The determinant effect of inspired oxygen fraction on pulmonary capillary oxygen content (equation 2) is obvious and assuming the arterial-venous oxygen content difference to be constant, is shown in Figure 1 , in which the effect of increasing shunts on the alveolararterial oxygen difference is plotted for three different inspired oxygen fractions. It is apparent that in none of the three curves is the relation between shunt and p(A-a)02 linear over the clinically important range of shunts, i.e. from 10 to 50 per cent. of changing FI02 at pulmonary shunts of varying magnitude (Hb 15 g/ 1 00 ml and C(a-v)02 of 5 mll100 ml is assumed). At high shunts, where the P a 0 2 is in the linear portion of the dissociation curve, the relation between F I 0 2 and P(A-a)02 is nearly linear.
Haemoglobin concentration
The haemoglobin concentration affects all terms in equation (2) . If oxygen delivery in terms of arterial-venous oxygen content difference remains constant, greater desaturation of the blood will take place during passage through the tissues when haemoglobin concentration is reduced. This is demonstrated in Figures 3a and b . The plots of alveolararterial oxygen tension difference versus shunt fraction shift in a near parallel manner best seen when plotted for air breathing (Figure 3a) . It is obvious that the relation of the shunt to the alveolar-arterial oxygen difference can be affected significantly: when the haemoglobin concentration is 6g/WO ml, 60 mm Hg alveolararterial oxygen partial pressure difference corresponds to a shunt of about 20 per cent. When the haemoglobin concentration is 20g/l00 ml, the shunt corresponding to a 60 mm Hg partial pressure difference is about 50 per cent.
When 100070 oxygen is breathed the dissolved oxygen in pulmonary capillary blood is about 2 mllWO ml, supplying two-fifths of the normal arterial-venous difference. Under these circumstances the relation between alveolararterial partial pressure difference and shunt is less obviously affected by reduced haemoglobin (Figure 3 b ) . 
Arterial-venous oxygen content difference
Physiologically the arterial-venous oxygen content difference reflects oxygen uptake and cardiac output. The effect of this variable on the alveolar-arterial partial pressure difference -shunt relationship is marked. Figure 4 shows the relation plotted for various values of the arterial-venous content difference. The range of values for the latter range from 3 mllWO ml, not an unusual value for an anaesthetised Anaesthesia and Intensive Care, Vol, IX, .No. 4, November, 1981 patient, to 9 ml/l00 ml, sometimes seen in very low cardiac output states. If there is an alveolar-arterial oxygen partial pressure difference of 300 mm Hg, in a patient with 3 ml/l00 ml arterial-venous content difference, a shunt of about 25 per cent exists; in a shocked patient with 9 ml/l00 ml arterial-venous difference the same partial pressure difference will occur with less than 10 per cent shunt. PRACTICAL IMPLICATIONS It is quite obvious that valid comparisons of alveolar-arterial oxygen tension differences can only be made if the estimations are made at the same inhaled oxygen concentration. Air is an oxygen mixture of practically constant composition and would be thus suitable for reproducible estimates but unfortunately patients in respiratory failure will not tolerate it without hypoxia. Pure oxygen offers a reproducible alternative. It has the advantage that at F I 0 2 = 1.0 the alveolar air equation (3) reduces to:
Also when 100% oxygen is breathed, the pulmonary capillary oxygen saturation can be assumed to be 1000/0 and the effect of variation in haemoglobin concentration is also minimised, as can be seen in Figure 3b therefore customary to use oxygen when estimating the alveolar-arterial oxygen tension differences. Possible drawbacks are that oxygen breathing eliminates any shunt component due to alveolar hypoventilation or that intrapulmonary blood distribution is changed by oxygen breathing.
The most important extrapulmonary factor which influences the alveolar-arterial oxygen tension difference is the arterial-venous oxygen content difference. If it is assumed that oxygen uptake is constant (sometimes a very doubtful assumption) this becomes a term dependent on cardiac output. Its importance is well demonstrated by the following examples from our clinical experience.
Example 1
An elderly male had a nephrectomy for carcinoma and developed adult respiratory distress syndrome postoperatively. Treated with positive pressure ventilation, his blood gases were as shown in Table 1 . He developed a supraventricular tachycardia with a ventricular rate of 210 to 220 beats per minute. He became cyanosed and blood gases showed an immediate severe reduction in Pa02' This improved as soon as the arrhythmia was terminated with an injection of disopyramide. During this episode, although the alveolar-arterial oxygen tension difference increased, the shunt fraction changed little. This illustrates the importance of cardiac output (by way of the arterial-venous oxygen difference) in determining the arterial oxygen tension and the alveolar-arterial oxygen tension difference in the presence of a significant pulmonary shunt. Treatment required to be directed against the arrhythmia and not its observed effect on blood gases.
Example 2
A young woman suffering from viral pneumonitis was being ventilated with 100% oxygen, positive end-expiratory pressure was increased in steps of 5 cm H20 to determine the "optimal PEEP". When it was increased from 15 to 20 cm there was no change in Pa02 or the alveolar-arterial difference. On closer examination, however, profound changes had occurred. The arterial-mixed venous oxygen content difference has increased from 4.1 to 7.4 ml/100 ml . Assuming constant oxygen uptake, this indicates 45% reduction in cardiac output. Although the shunt fraction had decreased, the In both these cases, the alveolar-arterial oxygen tension difference failed to reflect serious changes in the patient's state or give clinical guidance for a rational therapeutic plan. It is therefore a rash assumption that changes in pulmonary function are necessarily reflected in the alveolar-arterial oxygen difference or that changes in the latter necessarily result from changes III pulmonary function. 
